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PREFACE. 


THE PracticaL MetaL-WorKER's ASSISTANT, as now pre- 
sented to the public, possesses some very valuable and essential 
features not found in former editions, and which, it is believed, 
will render it even more useful in the future than it has been 
in the past, great as has been its popularity. 

Dr. Percy's treatise on the Manufacture of Russian Sheet- 
Iron and Professor Fesquet’s treatises on the Manufacture of 
Malleable Iron Castings and Improvements in the Manufacture 
of Bessemer Steel, are one and all important, especially in this 
country, at the present moment, when a new era is opening 
upon us, under the beneficent and wise policy which gives some 
heed to our industries, and is producing such magnificent 
results. Under this policy, as is most evident, the varivus 
departments of the Iron and Steel manufacture are advancing 
with rapid strides towards such a position as, it is believed, 
must within two decades, if not sooner, place them at the head 
of those industries throughout the world. Not only in these, 
but in all of the other branches of metal working, must this 
volume prove an important aid to the practical workman. 


Pumapeteaia, March 1, 1872. 
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ee it to admit of its being pressed into a solid 


Lvs 
Tho same offect may he produced by hammering the 
or die, as iustrated in Fig. 19, where P represvats 
recast of a steamn-hamrmer, having 


with a pair of tongs in the 
block, while the upper one full upon it with 
eam such force as is necessary. By the use of these 
oasn grooved surfaces, or su the ingot of metal 
Fig. 1% is less Tiable to be crushed than when ham- 
mored between two parallel flat surfaces, which give no support 
to its sides. In this operation the work: 
man will move the ingot backwards and 
forwards, turn it over on its side, and 
so work and compress the metal while 
at a welding heat, as thoroughly to 
solidify the iron and render it fit for 
the tilt hammer or rolling-mil 
Other modifications of the steam-hammer ars mentioned by 
Mr. Bessemer, ull however having one principle, viz, that the ingot 
is placed upon a block or anvil, supported on both sides by strong 
rests, while the hammer fulls into the groove formed by these sup- 
ports. By this means the tendency of the ingots to crush out Tate 
erally ia prevented, while tho metal is left at liberty to expand itself! 
in length, thus undoubtedly “acri 
arable from malleable iron. 


a 
brought forcibly in contact with it 1 
yariona parta forcibly equeczed, press 
pores closed, and the surfaces united or welded to 

In the probationary state of these py 1 processes it is im- 
possible to draw any decided conclusions as to their probable re 
sulta. There is that in Mr. Be: * process which has strongly 

h only the convii 


r 
) tnagnified the 
wanting others 
nd trent it as alto- 
gethor unworthy of aan 
truth seems to lie botween these extrem 
We linve already seen that the principal impurities in cast-iron 


aE 
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that no effort should have been made to raise the after processes 
somewhat nearer to a level commensurate with the preceding ones, 
and thus rescue the trade from the trammels which have so long 
surrounded it.” 





CHAPTER Iv. 
REFINING AND WORKING OF IRON. 


TxE iron furnaces of the United States are, generally speaking, 
superior to those of England or the rest of Europe. On this point 
and for the smelting of iron we refer our readers to “OVERMAN on 
the MaNuracture oF Iroy,” and will here introduce one of the 
many American improvements in refining. This is a method of 
making wrought-iron directly from the ore, patented by ALEX- 
ANDER Dickerson, of Newark, N.J., 22d July, 1850. We have 
seen some of the iron produced—it is apparently of the best quality. 

Of this furnace, Fig. 21 represents a side view when complete. 
Fig. 22, a longitudinal section of the same. Fig. 28, top view of 


Fig. 23. Fig. 21. 
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cylinders partly open. Figs. 24, ant 25, large and small water piates 
re 


occupying places F and tively, through which small jets 
of water continually flow, to prevent the flame from bysuing ‘the 
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cal guide to support and Cirect them. In addition to the anvil he 
only uses the fixed cutter and heading tools; he may occasionally 
support the end of the tongs in a hook attached to his apron- 
string, or suspended from his neck, whilst he applies a hand-chisel, 

. 8 punch, or a name-mark in the left hand, and strikes with the 
hammer held in the right. The method is however ample for a 
variety of small works, such as cutlery, tools, nails, and small iron- 
mongery, which are wrought almost exclusively by the hand- 
hammer, 

Attempts to work small tilt-hammers with the foot have been 
found generally ineffective, as the attention of the individual is 
too much subdivided in managing the whole, neither is his 
strength sufficient fur a continued exertion at such work; but the 
“Oliver,” which we shall now deseribe, is one of the best tools of 
this class, 

Tue Otiver, or Saati Lirt-HamMMER—Fig. 41 represents a 
species of lift-hammer worked by the foot. The hammer head is 





Fg. 4. 


about two anda half inches square and ten long, with a swage 
tool having a conical crease attached to it, and a corresponding 
swage is fixed in a square cast-iron anvil block, about twelve 
inches square, and six deep, with one or two round holes for 
“punching, ete. The hammer handle is about two to two and a half 
fect long, and mounted in a cross spindle nearly as long, supported in 
a wooden frame between end screws, to adjust the groove in the 
hammer face to that in the anvil block. A short arm, five or six 
ches long, is attached to the right end of the hammer axis, and 









































ON WROUGHT-IRON IN LARGE MASSES. 115 


duty of the forge-master to comply with the terms of his instruc- 
tions and contract. Let us first endeavor to see how this almost 
universal belief in the superiority of scrap-iron has arisen. At 
the time when small forgings were first attempted to be made as an 
article of commerce, the manufacture of iron was in such an im- 
perfect state, and the quality so indifferent, that large quantities of 
the best iron had to be imported from Sweden and Russia, and for a 
long time the scrap-iron was of a quality that could not be approached 
by our own iron of that period. Since that time, the use of Russian 
and Swedish iron has been almost entirel ly discontinued, except for 
the manufacture of steel ; the greater part of the scrap-iron now pro- 
duced, therefore, is of a very different quality to that formerly known 
as best scrap-iron. This material was deservedly considered the most 
proper material for the manufacture of forgings that could then be 
procured ; but it must be borne in mind that, at the date we speak of, 
the forgings were so limited in size that the practical evils result. 
ing from the use of scrap-iron, which we are about to explain, were 
not so perceptible. 

In the ordinary manufacture of bar-iron it is the practice, in most 
works, in order to obtain it of the toughest and best description, to 
work and re-work it several times over. The number of workings 
the iron undergoes is marked by the number of “ best” stamps that 
it bears, as “ best, best best,” “treble best,” etc, each “ best” indicat- 
ing a better. quality, an extra working, and with a corre espondingly 
higher price. But this progressive improvement has its limits, as 
will be perceived, from a series of experiments which were insti- 
tuted by the writer with the object of testing the correctness and 
limits of this i improvement. 

Taking a quantity of ordinary fibroys pitddled-iron, and reserv- 
ing samples Tharked No . 1, we piled a portion five feet high, heated 
and rolled the Fematader into two bars marked No, 2; again re- 
serving two samples from the centre of these bars, the ‘remainder 
were piled as before, and so continued until a portion of the iron 
had undergone twelve workings. ‘The following table shows the 

tensible strain which each number bore: 


No. 1 puddled bar r-45,00 Ibs. 
“ 2 re- heated . 5. 











It will thus be seen that the quality of the iron regularly m- 
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oan as given by Captain Vandaleur, in his report, are as 
Iw: 


Ft. Ins, 
Tenth... 2... 2. 1. «15 10 
Diameter atbase. . 2... . . 1 8) OTR 
Diameter at muzzle. . . . . . . . 2 38h 
Diameter at trunnions . . . . . . . 8 8h 
Tengthof bore... ......18 4 
Diameter of bore... . . . . . « - O 1805 


Its present weight is 21 tons 17 cwt. 1 qr. 14 lbs. The original 
weight, before boring, was 25 tons. The furnace employed was a 
reverberatory one; and the hammer, as we have seen, was the 
great belly-belve tilt-hammer, weighing 10 tons. As already inti- 
mated, the iron bored out of the gun was tough, sound, and per- 
feetly homogeneous, some of the borings being curled like a watch- 
spring seven times round ; and, when worked up again, it bore the 
test applied to prove its strength, as reported at page 117; and 
Messrs. Horsfall have the satisfaction of having produced a forging 
which the scientific world had hitherto deemed impracticable. 
Shafts have sometimes been made after another method, which 
we consider very injudivious. Many spveimens of this mode of 
manufacture have come under the notice of the writer in the shape 
of broken shafts, where the unsoundness, arising from the method. 
of working adopted, has been so great as to make it a matter of 
surprise that the shaft had done any duty at all. 
The method in question was to forge four large square bars, 
proportioned, of course, to the size of the shaft required; packing 
them together (Fig. 80). This faggot was of such immense size, 





Fig. 80, Front view. 





that the furnace and hammer employed were altogether insufficient 
to produce sound work. As a Fig. 80. End view. Fig. 81. 

necessary consequence, when the 
shafts so made were broken, the 
fracture had an appearance sim- 
ilar to Fig. 81, being only welded 
on the circumference; while the 
four fissures at the centre were sufficient, 





w the other. 

CRYSTALLIZATION.—A great deal has been said and written with 
reference to a supposed deterioration, or, as it has been called, 
“erystallization” of iron, when rolled in large masses, from long- 
continued and frequent heatings. It has also been asserted that the 


























































































































METALS AND ALLOYS. 191 


The “New Standard,” for watch-cases, etc. is 18 carats of 
fine gold, and 6 of alloy. No gold of inferior quality to 18 
carats, or the “ New Standard,” can receive the Hall mark ; 
and gold of lower quality is generally described by its com 
mercial value. 

The alloy may be entirely silver, which will give a green 
color, or entirely copper for a red color, but the copper and 
silver are more usually mixed in the one alloy according to 
the taste and judgment of the jeweler. 

The following alloys of gold are transcribed from the memoranda 
of the proportions employed by a practical jeweler of considerable 
experience. When it is otherwise expressed, it will be understood 
all these alloys are made with fine gold, fine silver, and fine copper, 
obtained direct from the refiners, And to insure the standard 
gold passing the test of the Hall, 3 or 4 grains additional of gold 
are usually added to every ounce. 

First Group. Different’ kinds of gold that are finished by polish- 
ing, burnishing, etc, without necessarily requiring to be 
colored : 

The gold of 22 carats fine is so little used, on account of its 
expense and greater softness, that it has been purposely 























omitted. 
18, carats, or New Standard | $15 gold of yellow tint, or the 
gold, of yellow tint: fine gold of the jewelers; 16 
15 dwt. 0 grs. gold. carats nearly : 
2dwt. 18 grs. silver. loz. 0 dwt. gold. 
Qdwt. 6 grs. copper. 7 dwt. silver. 
20 dwt. 0 grs. ___5 dwt. copper. 
7% 1 oz, 12 dwt, 
18 carats of red tint : ae 
15 dwt. 0 grs. gold. $15 gold of red tint, or 16 
1 dwt. 18 grs. silver. carats: 
3dwt. 6 grs. copper. loz. 0 dwt. gold. 
—-——— 2 dwt. silver. 
20 dwt. 0 grs. 8 dwt. copper. 
16 carats or Spring gold: this, Loz. 10 dwt. 
when drawn or rolled very — 
hard, makes springs little 
inferior to those of steel. 
1 oz. 16 dwt. gold. or 1.12 
6dwt.silver. — 
12 dwt. copper. — 12 
2 oz. 14 dwt. 2.8 


Second Group. Colored golds: these all require to be submitted 
to the process of wet-coloring, which will be explained; they are 
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TABULAR VIEW OF SOME OF THE PROPERTIES OF METALS, 











ALLoYs porsessed of greater specific gra 





vity thao the monn of their components. 
Gold and Zine. 
— Tin 
= Birmuth. 
= Antimony. 
= Cobalt, 
Bilver and 








— — Birmath. 
= Antimony. 
Copper and Zine. 
— Ti 
= Palindinm. 
Bismuth. 


— _ Antimony. 

Lead und Bismuth. 
‘Antimony. 
Platioum and Molybdenum, 
Palladium and Bismuth, 
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nearly equal as possible ; so that the weights, and the articles to be 
weighed, may be made to change places, in proof of the equality of the 


Fig. 118. 








instrament. But to weigh out an alloy, say of 17 parts tin and 83 
copper, unless the quantities were either 17 and 83 Ibs. or ounces, 
would require a little calculation. 

This is obviated, if the point of suspension a, of the alloy-balance, 
which is hung from any fixed support 2, is adjusted until the arms 
are respectively as 17 to 83; and for this purpose the half of the 
beam is divided into fifty equal parts numbered from the one end; 
and, prior to use, it only remains to adjust the weight, w, so as to 
place the empty balance in equilibrium. A quantity of copper, 
rudely estimated, having been suspended from the short arm of the 
Valance, the proportionate quantity of the tin will be denoted with 
critical accuracy, when, by its gradual addition, the beam is exactly 
restored to the horizontal line; should the alloy consist of three or 
more parts, the process of weighing is somewhat more complex. 

The annexed table was calculated by the author, for converting tho 
proportions of alloys stated decimally, into avoirdupois weight. It 
applies with equal facility to alloys containing two or many compo 
nents, so as to bring them readily within the power of ordinary scaler 































































































CASTING AND FOUNDING. 277 


the height, so that only an open space remains. Fig. 176 isa 
Fig. 176. , 
tA sr 





wat the lino ad: Fig. 177 isa plan at the line gr; Fig. 178 ia 
Betion at op; and Fig. 179 is a section at mn, Fig.’ 175 


Fig. 178, Fig. 179 


\ is a water-cistern beneath the tower. B isa pipe from the 
‘wing apparatus leading into the annular chamber /'; the upper 
“fave g is perforated as shown ia Fig. 177, to dispense the asoond- 
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drawing and upaetting of the blacksmith), a process not required in 
any of the foregoing figures, the whole of which might be made in 
1, a material that, as before observed, does not admit of 
wl oF bulged into figures of double curvature. 
ons works having been drawn upon the sheet of metal, 
sis to ent them out; this is almost always done 
metimes, however, for thick metal, the cold- 
are used, the work being laid upon the bare 
plate, as in forging; occasionally the metal 
is tived in the jaws of the ve, and cut off with the cold-chisel 
int in contact with the viee: the edge of the chisel is placed 
el with the jaws, which serve asa guide. In some 
seTew at each end, are used in a simi- 
nner, tor the thick iron plates employed for boilers ; but the 
w the most geverally convenient. 
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nest edges are known as hollow punches; they are turned of 
ous diameters, from about } to 2 inches, and of the section 
340; they are always used on a block of lead, and sometimes 
swo or three thieknesses at a time of tinned iron, copper, or 
» Punches 341, smaller than } inch, are generally solid, quite 
at the end, and are also used on a block of lead, which, although 
ves a momentary support, yields and receives into its surface 
little piece of metal punched out by the tool. 
ig. 843 represents the punch used by smiths for red-hot iron; 
tool is solid and quite flat at the end, and whether it is round, 
tre, or oblong in its section, as for producing the holes repre- 
ed, it is parallel for a short distance, then gradually enlarged, 
afterwards hollowed for the hazel rod by which it is surrounded 
wnstitute the handle, The smith's punch is frequently used 
with a bottom or bed tool known in this case as a bolster, and 
has a hole exactly of the same area as the section of the 
th itself. 
unches when used in combination with bolsters are cle: 
lar in their action to the shears with rectangular edges, as wi 

































Figs. H20 343, Ere 345, 


into a solid cirele fora cifealar, acl or cavers into a 
Tectangular, or other figure, as the case may be; but every 
the punch rt or the bolster in 
ntact, the same as forn xplained in reference to shears, 
3 the tools to be acenrately made and correetly hebl 
smith, but which is somewhat difficult, because the bolster, 
and the punch, are all three simply built up loosely upon 
and the eye can render but little jndyment of their rela- 
tions; the punch is consequently apt to be misdirected so 
h against the bolster and damage both tools. The mode 
nued to avoid this inconvenience is represented in Fig. 
ich a guide is introduced to direct the punch ; but agreea- 
proposed arrangement, this figure will be’ more fully 


hereafter, when some other tools of a lighter description 
.eftm spoken of. 






















































PUNCHES. 891 

The base and frame are of cast-iron; the table that holds the 
work is elevated or depressed by a screw; the drill feeds down by 
hand; the drilling-shaft has four changes of speed, and geared 


Fig. 368. 




















with iron cone pulleys. This instrument will drill a hole ter 
inches from the nearest edge of the object operated upon, and six 
inches deep. 

Fig. 369 is the Universal Drilling Machine, manufactured at the 
Lowell Machine Shop, Lowell, Mass., of which establishment Wm. 
AA. Burke is superintendent, 

This machine is designed for drilling pieces of castings, which, 
from their size, cannot be operated upon by drilling machines of 
the ordinary kinds. It consists of a very strong upright frame or 
column, which carries upon its front side a heavy beam or arm, 
that can be moved out from the column to the distance of 8 fect. 
‘This beam has’ also a movement up or down of 6 fect, upon the 
front of the column. It also carries upon its extreme outer end 
the drill headstock. The spindle in this headstock is driven by 
means of bevel gears and shafts from the first driving shaft. A 
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any pair become the more contrasted the further apart they stand 
in'the scale, Thus, a battery composed of zine and platinum is 
‘much more powerful than one composed of zinc and copper; and 
again, copper and iron make a very weak battery. 

‘A battery may also be formed by having one metal and two 
kinds of solutions, separated by a porous diaphragm. For example, 
we inay have strong nitric acid in one division, and dilute sulphuric 
or muriatic acid in the other; and by putting into each a piece of 
clean iron, a powerful current is obtained. These and several 
other arrangements of solutions and metals, are expensive and 
troublesome to keep in order, and are therefore never used for 
practical purposes in the art of clectro-metallurgy. 

Properties OF METALS FIT FOR Batrertes.—In looking to the 
above table, it may be asked, “Since lead stands next to copper, 
and is so much cheaper, why should it not be uscd instead?” ‘The 
reason is, that there are other properties which a metal, especially 
that used as the negative clement, ought to possess to fit it for use 
in a voltaic arrangement; such as the power of freely conducting 
an electric current, of keeping a bright surface, and not becoming 
oxidized; none of which properties belong to lead. Could that 
metal be kept from oxidizing, a very powerful current of electricity 
might be obtained by using it with zinc; but its surface soon gets 
coated with an oxide possessing none of the properties of the metal, 
and hence the arrangement becomes zinc and oxide of lead, which 
produces but a weak current of electricity. These remarks refer 
to any metal that is subject to o: ‘ation—an incident which is 
often a source of annoyance to the electrotypist when using copper 

lates. 
Pad slightly amalgamated, and used as the negative metal with 
zinc, produces a very constant current for a time. 

Lead is also a very bad conductor of the electric curreat, which 
renders it unsuitable for an clement in the battery, the negative 
metal being considered as only acting the part of a condustor: tLis 
property materially affects the’ available power of an arrangement, 

The following table shows the relative Conducting power of the 
respective metals : 








Sa ene 














Silver .  .  . 120 
Copper: 5.120 
Gold - .  . 80 
Zing. 2. 40 
Platinum =... 
Tron wh 
Tn... 20 
Led 5 5.) 2 


We have just stated that a battery composed of zinc and pla 
tinum will be more powerful than one composed of zinc and cup- 
per, so far as regards their negative and positive tendencies , Wu. 
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is bent over to connect with the zinc plate of the neighboring 
all, thus: 
Figs. 550 551. 





The zine plates are placed between the bent copper aa. The fol- 
lowing diagram of a battery of several pairs of plates will illustrate 
these observations: 


Fig. 552. 


2222, The zine plates. 
occe, Copper plates. 
ppp, Partitionsof trough, 

which are generally inade 

of thin wood, 
ww, Wires from battery. 





The zinc and copper are connected together by a binding screw. 
To construct this battery the zinc plates are put in first, being 
made to slide in grooves, cut in the sides of the trough, the plates 
standing in the centre of their respective cells: the copper plates 
are put in, and the copper bands marked ¢ are made fast to the 
zines by binding screws, care being taken that the parts where 
they are connected are clean and bright, and that the copper and 
zine touch nowhere else. A battery of nine pairs of lites can 
be fitted up and made ready for action in ten minutes. 

In fitting up batterics of this sort, we are aware that sometimes 
great care is taken that the partitions in the trough be perfectl 
water-tight, and also formed of some non-conducting taterial, sucl 
as glass, or of wood, cither pitched or saturated with some non-con- 
ducting substance; but we have found in practice that these pre- 
cautions are not required, the principal thing to attend to being, 
that the metals should not be allowed to touch, except in their 
proper connections. 

Derscts or Common Acip Bartrertes.—Although we have 
spoken thus favorably of the principles upon which Wollaston’s 
battery is constructed, still as a philosophical instrument it is far 
from being perfect: hence the many modifications of it which have 
been recomended. Indeed, electro-chemists, since the time of 
Volta, have been endeavoring to invent an instrument free from 
the defects which attach to Wollaston’s--one capable of giving, at 
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Solution in porous Cell. Zino dissolved. | Copper deposited. 

‘Sal ammoniac. oz, dwt. gr. | oz. dwt. gr. 

Saturated solaticn er .f{ 1 5 4] 1 2 12 
1 part saturat solution | 

lpart water... 4 8 By § 10 

1 part saturated solution 7 

baw eee } o 1 18|/ 0 10 1 


Common Salt. 


| Saturated solution tone 0 16 8) 0 14 12 

feeetetiey la ae a'lie cary'g 

Pam dy Vay oak el Oa aR 
Sulphate of Zine. 

Saturated solution sone ef 1 8 18) 0 19 0 

spe memoria | a orga a8 a8 


1 part saturated solution 
8 parts water . 


Sulphuric Acid. 


Oo 14 16) 0 14 8 


1 partto 8 ofwater. . . .| 3 1 6) 1 4 8 
1 part to 16 of water . . .| 2 11 8 2 1 8 
lpartto24ofwaterr . ..| 2 7 38) 2 5 86 

















How oFrren SoLUTIONS SHOULD BE CHANGED AND ZINC AMAL- 
GAMATED.—Students have often put this question to us: How often 
should, the solution in the cell Es renewed, and the zine plate be 
amalgamated? The following are the results of many trials made 
to ascertain the facts necessary to answer this inquiry. he zine 
plates used were nearly one foot square, and the copper plate upon 
which the deposit was made was of the same size as the zinc plates. 

In the first series the zinc plates were not taken out either to 
brush or re-amalganate, neither were the solutions renewed during 
the time specifi 


2 Ib. common salt in one 


gallon of water 48hours . 17 13 20 17 


0 hours | 24 15 Bt 8 
2b. sulphate of zincinone{ 24 hours - 9 1B O18 
gallon of water 60 hours | 23 10 24 6 
1b, sulphuric acid to 24{ 24 hours | 15 17 17 16 
of water 48hours | 27 16 32 8 


ete .% “9 8 17 
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renewing the acid, and brushing the zincs every 24 hours. The 
time taken to effect this was: 


Grove's Batt see 10} hours, 
Single cell Maes? ae eb 


Daniell’s*. 2... 1 1 1 490 
‘Smee. 6 be ee ATO 
Wollaston’s . . . . . . 151 * 


Comparative Propuce or, Barrerizs.—The expense of the 
materials used in these experiments was as follows (of course the 
materials will differ in cost both at different times and in different 
localities, and more common materials may be used): 

By the process with Grove’s battery, one pound of deposited 
copper costs 





1 1b. Copper, from positive electrodes . . . 25 cts, 

1p lb.Amalgamatedzino ....... 21 

1glb.Nitricacid . 2 2 1. ew ee. 10 

Sulphuricacid. 2... 1. 1. 02% 

67 ots, 

Add time, say one cent per hour, for comparison. . 20 “ 

87 cts. 

By single cell Spparatns one pound of epesited copper oo costs 

Tb, Sulphuric acid... 04 eta, 

1yg lb. Amalgamated zine... . . . 7 « 

4b. Sulphate o ofcoppr. ....... 87“ 

58 cts. 

Time, at one cent perhour. ........ 45“ 
$1.03 


By Daniell battery, one pound of deposited copper costs 
1s Ib. Amalgamated zine... . se 19 cts, 


41b. Sulphate of copper... 1... 87 

Ub. Gopper from electrode. 6. 2. 25 

Sulphuricacid . 5) 11 1 ll On 

88 cts. 

Time, at one cent perhour. . . 2... . 49 # 
$1.82 





+ The Danlell's battery used in this experiment had fat plates, not olroulan, 
as desoribed at page 523. 
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zinc and copper only required 10 grains of zinc, but the 43 
grains by the nine pairs would require 405 grains of zinc to be 
olved. 

Revative Intensity oF Batrertxs,—Different batteries have 
different degrees of power to overcome resistance—greater in- 
tensity. The following experiments will illustrate this: A single 
pair of a Wollaston’s, Smee’s, and Grove’s batteries were fitted up 
as nearly equal in circumstances as the different arrangements 
would allow—each exposing the same surface of zine, and con- 
nected with electrodes placed in a solution of sulphate of copper, 
first 1 inch, then 2 inches, 3 inches, and 4 inches apart—half an 
hour in each. They were then reversed, beginning with the elec- 
trodes at 4 inches and coming to 1 inch. These experiments were 
repeated several times, and a mean of the whole taken. The re- 
sults were: 











Deposited— Wollaston. Smee. — Grovw. 
Electrodes linch ... 88 grains 120 31:0 
2inches ..66 “ 68 26-0 

Sinches ..47 “ 60 170 

4inches ..30 “ 46 140 


From this it will be seen that Wollaston’s stands lowest in in- 
tensity, which is more apparent as the distance of the electrodes is 
increased. Smee’s is one-third more than Wollaston’s at 1 inch, 
and one-half more at 4 inches; while Grove's is three and a-half 
more than Wollaston’s, and two and a-half more than Smee's at 
1 inch, but four and a-half more than Wollaston’s and three 
more than Smee’s at 4 inches. If we take the mean of these 
results as a comparison of batteries, their value will stand as 
under: 


One of Grove’s equal to three of Smee’s, 
and to three and three-fourths of Wollaston’s. 


The following table gives the results of different batteries, ar- 
ranged in series, kept in action the same length of time, namely, 
one hour. The battery plates were very small, the electrodes 
twice the size of the battery plates : 








one | two | Foor | six | xine 
Pairs. | Pairs, | Paira, | pairs, 


‘Groves . . ss . . « . «| 55 | 72 | 93 | 97 | 98 
|Daniell’s. 2... 2 2 2.1 15 | 85 | 60 | 77 | 86 
Smee's 2 2... . 1. «| 1 | 19 | 29 | 41 | a8 
Wollaston’s. . . 2... | 
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vessel itself serving as 
but any vessel will suit if a 

+ yessel is not of copper. 
fo with Copper—When it 
with copper, it is first steeped 
any grease or oil. Being 
vitime in dilute sulphuric 
wid to sixteen parts of water, 
exist. It is then washed in 
he surfave is perfectly clean, and 
immersed in the cyanide solu- 
jasch, so as to prevent the 
\n immersion of five minutes 
cient to deposit upon the 
sary to the complete protec- 
considerable thick coating: 
sive, it is preferable, when 
por by the cyanide solution, to 
uch it to a single cell or weak 
if sulphate of copper. If there 
ed with copper by the cyanide 
arts of a dark color, which 
hen such is the case, the 
and put again into the cyanide 
‘A little practice will render this 
mn for covering iron should be pre- 
s a little caustic soda, so long as 
issolved. This neutralizes a great 
d, and thus the iron is not so readily 











@ Powmr 1n So.UTIONS AND METALS.— 

 or-such comparatively bad-conducting 

that are good conductors, or the solutions 

tors, the property of conduction in rela- 

is beautifully illustrated, Tf we take a copper 

) fet long, one end of which is attached to the 
¥ and laid parallel with the positive clectrovle into 
fie purpose of receiving a deposit, it will be found 
¢ amount of deposit has taken place at the end 
a battery : but if an iron or Piunem wire be sub- 
8 copper one, the contrary result will take place; for 
rom the battery will be the last to reevive the 
ind will have the ieast quantity of metal deposited upon 
,e copper wire was 30 fect long, little alteration would be 
‘he deposit; but upon an iron or platinum wire of that 
@ deposit proceeds only a certain distance, and no deposit 
place on the end furthest from the battery unti’ the cur 
a considerable time, after which the aeposit is 
toadvance gradually. The copper as it beco:nes deposited 


























electrode are at a considerable distance from each other. Bat be 
fore explaining what we consider to be the cause of these a 
noyanees we will refer to another phenomenon commected with . 


them. 





acme time, ihe wires connecting <a 
the depositing solution be disconn | 
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there are several ingenious adaptations worthy of the attention of 
the electro-metallurgist as a study in his profession. 

Deposition oF Broxze.—The following solutions cf different 
metals are given by Brunel, Bisson, and Gaugain, as being capable 
of giving a deposit of bronze: 


50 parts Carbonate of Potash. 
2°" Chloride of Copper 
4 “ Sulphate of Zine. 

25 “ Nitrate of Ammonia, 


A bronze plate is used as the positive electrode, The deposit 
iven by this solution has been seen by Becquerel, who mentions 
that it bears comparison with any ordinary bronze in appearance.* 
A solution of the above materials in water strikes the ear as some- 
what hypothetical: that a mixed solution of copper and zine will 
give, under certain conditions, a compound deposit we know, and 
also that, with a quantity of other salts present, will give peculiar 
tints of color, a circumstance which may be obtained without a 
compound deposit. But the difficulty to be overcome is to pro- 
portion the deposit of different metals, so that we may make up a 
solution and battery that will deposit either Mantz’s yellow metal, 
Stirling’s yellow metal, gun metal, or common brass, at pleasure: 
and that we may be able to produce compounds that are constant 
and unvarying: so that, for example, we could deposit silver or 
gold of the standard quality, all which, notwithstanding the man: 
statements that have been made in print, have yet to be discovered. 





‘We have thus given a brief review of the practical operations 
of Electro-Metallurgy for the guidance of the student, who as he 
proceeds, will find that the difficulties which at first beset his path 
will gradually disappear: easier modifications of processes will 
suggest themselves, as all operators cannot with equal facility fol- 
low the same directions. New facts will reveal themselves to his 
inquiries; a wide field of interesting and profitable research will 
open up before his mind; and the steady and persevering experi 
menter and observer will not fail to reap an abundant harvest of 
honor and gratification, in being an instrument in »romoting thr 
Inowledge of the working of the laws of Nature. . 





* Progress of General Science, vol. ii. 
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solutions, we believe that the fractional transfers of Professors 
Daniell and Miller are the results of endosmosis or diffusion, and 
not of electrolytic transfer. According to recent experiments by 
Professor Graham, diffusion takes place in definite proportions. 
We believe that no transfer of any base or positive element takes 
place by electrolysis. 

Proposep Takory.—Having carefully considered the various 
phenomena attending electrolysis, in the decomposition of metallic 
salts, we think that the electricity is conducted through the solu- 
tion by the base, or positive element, in the electrolyte, which it 
does as if it was a solid chain of particles—or wire. We have 
already said, that if to a solution of sulphate of copper we put s 
piece of iron, the acid in union with the copper will leave it and 
combine with the iron. If a piece of copper be put into the same 
solution, no change will take place; but if we by any means give 
to this copper an increased tendency to unite with the acid, it will 
attract the acid from the copper in solution by virtue of this in- 
creased attraction. Suppose two wires coming from a battery are 





Fig. 592, 





placed in a solution of sulphate of copper, thus, (Fig. 592): the 
double row representing the compound atoms of sulphate of copper 
forming the electrolyte: C C the copper or positive element, and 
SO* the sulphuric acid or negative atemnenit of the solution. The 
two single rows CG, etc,, at each end of the double row, represent 
the wire or solid conductors of the electricity, from the battery to 
the decomposition cell: the last particle of the single rows pn 
nearest the double row may be viewed as the electrodes, The 
sulphuric acid SO*, and the copper G, in solution, are held together 
by their affinity for cach other. 

Now let it be supposed that an equivalent of electricity leaves 
t.2 positive terminal of the battery P, and passes along the solid 
particles of the conductor, that particle upon which the electricity 
1s, must be for the time ina higher state of excitement than the 
other particles, When the electric current comes to the last par- 
ticle of the solid chain p, which is in contact with the electrolyte, 
its increased excitement causes it to attract and combine with the 
acid particle SO* nearest it; the clectricity being dynamic, passea 
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to the first basic particle Cl, giving it an exalted excitement, which 
causes it to unite with the acid particle SO*2, the electric force 
passing to C2, which becomes excited in turn, and takes the par. 
ticles SO*3 ; and so on through the chain till the last particle C3, 
which, having no further acid to combine with, gives its electricity 
to the solid conductor, or electrode n, and_ passes along to the bat- 
tery, the particle C5 being thus left adhering to the solid chain of 
particles, or electrode, 

By this we observe that every equivalent of decomposition will 
carry an equivalent of acid to the positive electrode, without taking 
the metallic element to the other or opposite electrode. This is 
exactly the fact of the case, the result that takes place in all solu- 
tions undergoing decomposition by the current, and also in the 
battery between the zine and copper. In these explanations we 
have ‘spoken of electricity as a material substance, passing along 
the line, being more easily conceived than the theory of vibra- 
tions, ete. ; but the effects are the same, and we have seen no phe- 


nomena in electrie decomposition which are inconsistent with the 
views here given. 
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which it is taken out by means of large tongs and lian 
under the first kind of hammer (see Figs, 698, 694), ‘Tliopi 
is moved so that the blows fall in the order indicated in Fig,! 
Aftor this treatment, the surface of the packet presents 
appearance, as the striking face of the hammer and the & 
the anvil are both rather narrow, When the packet het 
velled about six times under the hammer, in the manner 
fied, from a to b (sve Big. 604), it is removed; and d 
alerwarda completely finished sheets are arranged alternal 
between those of the packet, The packet thus composed, w: 


Hig. 04, 


Porepectire view of a yaoket of sheats, showing (ho ardor In whieh the Blows of tbe 
hawnmer are givens 
contains from 140 to 200, or twice the number of sheets in the 
packet eubjocted to the first hammering, is hummered under 
second kind of hammer (see Figs. 595, 606,) in the sane mauiner, 
but not to the same extent, as the first packet. Inatead of being 
moved to and fro six times from right to left, it is moved #0 
only twice. By this treatment, if the hammering be carefully 
executed, the sheets acquire a perfectly smooth surface; bus 
this result ld not be obtained without the interpusition of 
the smooth-faced finished plates in the manner shove descr 
After the second hammering the packet is opened, th 
of each ehest is again cleaned with a wet broom, and the elect 
are set separately in a vertical rack, in order to cool, &3 Shown 
Fig. 003, 


Hank in which the second.hammered sheets are arranged. 
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amber. longation Denignation. Used for— 














idee 
lily, 

I. a [Does not 20-25 | up to 0.35) Extra soft (Guns, cannons, 
harden sheets, boiler 
may be plates, rivets, 
welded Tope 

6 |Hardens [0.35—0.45| Boft | Machinery, axles, 
and tires, rails... 

i. welds |35$—44 |10—20 
with Medium | Tires, rails, piston 

¢ {difficulty 450,55 | Soft or | rods, surfac 





medinm | subjected to 
hard | friction, 





d 880.65] Hard [Largo and _mo- 

fom. springs, 

[Hardens cutting cls 

u. 44 80] 5—10 files, sav, bits, 
does not 64) mien 


weld 


* (0.65 & over) Very hard | Fine springs and 
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GUETTIER.—Metallic Alloys: 


Reing a Practical Guide to their ( ical Properties, 
their Preparation, Composition, and Uses. Translated from the 

‘ ngineer and Director of Foundries, author 
of La Fonderi ” ete, ete. saver, Chemist 
and Engineer, In one voluine, mo. 6 88.00 

















HARRIS.—Gas Superintendent’s Pocket Companion. 


By Ia is & Brotuer, Gas Meter Manufacturers, 1115 and 111; 
Cherry Street, Philadelphia, Full Lound in pocet-book form $2. 








Hats and Felting: 


A Practical Treatise on their Manufacture. 
Uilustrated by Drawings of Machin 


Ty a Practieal Hatter. 
gs nae! ALD) 





HOFMANN.—A Practical Treatise on tho iManufac- 
ture of Paper in all its Branches. 
By Cart Hormaxs. Late Superintendent of paper mi 
many aud the Un 
Paper Mills, near 
and five large fold 
Page SP ay ie ed ee che Mag eg 





1s in Gere 











HUGEES.—American Miller and Millwright’s Assist- 
ant. 


Dy Wx. Canter IIcGies. A new edition. In one vol., 12mo, $1.59 


TIURST.—A Hand-Book for Architectural Survoyors 
and others engaged in Building: 


Containing Formule useful in Designing Br 
Weights, of the materials used in Building, 
with Bu: 

te 





Mer's work, Table of 
jemoranda esaneeted 
ders’ work, Mensuration, the Practice of Builders’ Measure 

bor, Valuation of Property, Summary of the 
ion, ete. ete. By J. F. Utkst, C2.” Seeonl 
editior, pocket-book form, full bound 2 2 S250 









JERVIS.—Railway Property: 
Treatise on the Construction and Management of Railways; de- 
wil to afford useful knowledge, in the popular style, to the holders 
of this class of property ;_as well’ as Railway Manaers, Officers, and 
nts, By Jon B. JERVIS, Inte Chief Engineer of the Hudson 
ver Railroad, Croton Aqueduct, ete. In one yol., 12mo., cloth. $2.00 




















JOHNSTON.—Instructions for the Analysis of Soils, 
Limestones, and Manures. 


By J. F.W.Jousstox, 12m... ee 88 
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LEROUX, C.—A Practical Treatise on the Manufac- 
ture of Worsteds and Carded Yarns: 


Comprising Practical Mechanies, with Rules and Calculations app 
to Spinning; Sorting, Cleaning, and Scouring Wools; the 
and French methods of Combing, Drawing, a: 
and Mam turing Curded Yarns, Transiated from the Fi 
CHARLES LEROCX, Mechanieal Engineer, and Superintendent of 
Mill, by Horatio Pa! 'D., and A. A. Fesgver, 
large Plates. To which is 




















LESLIE (Miss).—Complete Cookery: 
Directions for Cookery in its Varios Branches. By Miss Lest 
G0th thousand, “Thoroughly revised, with the addition of New It 
ecipts, In one volume, 12mo, cloth... ee 











LESLIE (Miss). 
A Manual of Domes 


LESLIE (Miss)—Two Hundred Receipts in French 
Cookery. 
Cloth, 12m. 


LIEBER.—Assayer’s Guide: 
Or, Practical Directions to Asa; 
Tests and Assays, by Heat and by Wet Processes, for the Ores of all 
the principal Metals, of Gold and Silver Coins’ und Alloys, and cf 
Coal, ete, By Oscar M. Lieben, Lno,, eloth. 


‘Ladies’ House Book 
Economy. 20th revised edition. 12mo,, eloth, 












Miners, and Smelters, for the 








LOTH.—The Practical Stair Builder: 
A Complete Treatise on the Art of Building Stairs and Hand-Rails, 
Designed for Carpenters, Builders, and Stair-Builders. | usirated 
with Thirty Original Plates. By 'C. Eowagb Lotit, Professional 
Stair-Builder, One large dto. volume, SLU. 














LOVE.—The Art of Dyeing, Cleening, Scouring, and 
Finishing, on the Most Approved English’ and 
French Methods: 


Being Practical Instructions in D) 
Feathers, te. Neouri 

ete, Freneh and 
Satin, or Damask. 
Second America 
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ORTON.—Underground Treasures: 
How and Where to Find Them. A Key for the Ready Determination 
of all the Useful, Minerals within the United Beaten, By Jaxes 








Ontox, A.M. Illustrated, imo, aie’ 

OSBORN.—American Mines and Mining: 

‘Theoestichliy. end Practically Considered. By Evel HA Onsean: 
Ilustrated by numerous engravings, 8vo. (In preparation. 


OSBORN.—The Metallurgy of Iron and Steel: 
‘Theoretical and Practical in ali its Branches; with special reference 
to American Materials and Processes. By H. 8. Osborn, LL. D., 
Protens of Mining sad Mealianey to ye bang Fane sal 


Pennsylvania. Ilustrated 
snnrylvan iatrated by numerons lange folding plates end 
OVERMAN.—The Manufacture of Steel: 
* Containing the Practice and Principles of Working and Bteel. 
‘A Handbook for Blacksmiths and rs in Steel and Irom, Wagon, 


Makery Dio Sinker, Cutlery and Mansfactarer of Files and Har 

of Bteel and Ton, and for Men of Belenoe and Art. By Fumo. 
ERICK OVERMAN, M'ning Eogineer, Author of the “ Manufacture of 
Tron,” ete. A new, enlarged, and revised Edition. By A. A. FRSQUET, 


Cv aR AN rhe Moulder and Founder's Pocket 


A Treatise on Moulding and Founding in Groen-eand, Dry-cand, Loam, 
‘and Cement; the Moulding of Machine Frames, tt gcon lollow= 
ware, Ornat rents, Trinkets, Bells, and Statues ; Description of Moulds 
for Leon, Bronze, Brass, and other Metals; Plaster of Paris, Sulphur, 
Wax, aud other ‘articles commonly used in Casting ; the C ‘onstruct 
of Melting Furnaces, the lting ‘and Founding of Metal: 
position of Alloys and their Nature. With an Appendi 
eveipts for Alloys, Aponte, Varnishes and Colors for Castine: 
































‘ables 0 qualities of Cast Metals. By Frep: 
ERICK OV » Author of “The Manufaetui 
Of tron.” With 43 Illustrations, 1smo. ie SEBO 





Painter, Gilder, and Varnisher’s Companion: 


‘on Glass, an Coach, Palating and 

Detection of Adulterations in Oils, Co 
nent of the Diseaves to which Painters are peculiarly 
implest and Best Remedies. Sixteenth 


Containing Colors and Cole 
tie of a great variety of 
ses, to Wl 
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